. Short Communication: Preliminary characterization of groundcherry (Physalis angulata) from East Java Province, Indonesia based on morpho-agronomic traits. Biodiversitas 21: 759-769. Accurate knowledge of the genetic relationships between different germplasms is important for successful crop improvement programs through breeding. This work aimed to i) characterize the groundcherry germplasm collected from the field of eastern Java and Madura Island based on their morpho-agronomic performance, ii) investigate the relationships among the different germplasms, and iii) verify whether simultaneous analysis of quantitative-qualitative data (joint analysis) can reveal new clustering patterns. A total of 26 quantitative and 31 qualitative traits were measured and evaluated for 28 accessions. Principal Component Analysis (PCA) was used to select variables that had significant loading, based on a t-test, for inclusion in cluster analysis. The first clustering method was the Unweighted Pair Group Method with Arithmetic Mean (UPGMA), which only involved quantitative variables using the Manhattan distance. This method was followed by a joint analysis using Gower dissimilarity. Nonparametric multivariate analysis of variance test showed that four clusters were the optimum number for both methods, but the clusters for each method had different members. The coefficient of variation ranged from 3.9 (fruit pH) to 45.5 (productivity per plant), indicating that improvement in the productivity in groundcherry was promising. The mean values of the morpho-agronomic traits for accessions from eastern Java and Madura Island were not significantly different, except for fruit firmness and the mean length of two internodes. In general, geographic isolation did not have much influence on the characteristics of an accession, since there were accessions from these two regions that were members of the same group, identified by the clustering analysis.
INTRODUCTION
Physalis belongs to the family of Solanaceae, and there are approximately 90 known species (Zamora-Tavares et al. 2014) . The diverse species of Physalis are known by different names, including cutleaf groundcherry, camapu, winter cherry, wild tomato, and mullaca (Osho et al. 2010) . In Indonesia, this plant has various regional names, including cecenet (Sunda), ceplukan (Java), yor-yoran (Madura), lapinonat (Seram), angket (Bali), dedes (Sasak), leletokan (Minahasa) (Latifah et al. 2014) . In botanical terms, Groundcherry (Physalis angulata L.) is an annual plant that is branched and upright. The stem is tilted and hollow, and it reaches 1-2 m in height. Most are hairless (glabrous), but some plants have short hairs, especially on younger parts. Single plants have up to 200 leaves, depending on the biotype, and the availability of water and nutrition. In high water treatment, the height can reach 1.7 m (Travlos 2012) . The mature fruit is an orange-colored, 1-1.8 cm long and is enclosed by calyx. The flowers are yellow, 5-40 mm in length, borne on stalks. The corolla is yellowish-green, and the anthers are bluish or violet, up to 2.5 mm long (CABI 2019) .
Physalis angulata is an important species for human consumption and widely used in traditional medicine systems. It contains chemicals with potentially beneficial properties and has a high nutrient content (Aliero and Usman 2016) . Recently, the demand for this species has increased, and this presents an opportunity for the commercial cultivation of groundcherry. However, this requires an effort to develop because this species of groundcherry has not been widely cultivated commercially in Indonesia (Chaidir et al. 2015) , also grown on a small scale in Jalisco, Mexico (Morales-Saavedra et al. 2019 ). Among the factors that determine the successful development of groundcherry as a crop are the identification of superior cultivars assembled and selection from available germplasm accessions. This germplasm is a source of genetic diversity in the species and is important as breeding material. Genetic diversity is essential because it is the primary capital for efforts to improve results (Mahbub et al. 2015) . Based on genetic sources, breeders can choose populations with large distances, or predetermined characteristics, or they can propagate plants with desirable traits (Trevisani et al. 2016) . Accurate knowledge of the genetic relationships between different germplasms is essential for the successful management of appropriate long-term crop improvement programs through breeding and is also useful in supporting conservation strategies and genetic improvement.
Morphological descriptors can be used to estimate diversity, as the first step in determining the genetic potential of a species in depth. Morpho-agronomic diversity studies are highly recommended for diversity analysis before using other characteristics. Even today, morphology remains useful because the plant breeders and germplasm collectors usually record morphological data during routine germplasm evaluation (Usaizan et al. 2018) . These test results increase our understanding of the diversity of germplasm for future collection and improve its use in conservation (Simbaqueba et al. 2011) .
Many studies of the chemical components of groundcherry have found compounds with medicinal properties, including anti-diabetic, anti-bacterial, antitumor and antioxidant properties (Poojari et al. 2014; Cobaleda-Velasco et al. 2017; Sun et al. 2017; Mahalakshmi and Nidavani 2014) . The morphological and agronomical traits of P. angulata have been studied by Morales-Saavedra et al. (2019) and Valdivia-Mares et al. (2016) and in different species of Physalis (P. peruviana: Chacón et al. 2016 ; Morillo-Coronado and González-Castillo 2018); (P. minima: Pagare et al. 2016; Usaizan et al. 2014); (P. acutifolia, P. chenopodifolia, P. pubescens: Valdivia-Mares et al. 2016) . To date, there has been no comprehensive study of Physalis in Indonesia. The study was carried out only on Mount Kelud in eastern Java (Hadiyanti et al. 2018 ). This work aimed to i) characterize the groundcherry germplasm collected in the field of eastern Java and Madura Island based on the morphology and agronomic (morpho-agronomic) characteristics, ii) investigate the relationships among populations based on their morpho-agronomic performance, and iii) verify whether the joint analysis of quantitative-qualitative data can reveal new clustering patterns.
MATERIALS AND METHODS

Plant material
Experiments were conducted in a greenhouse at PT Perkebunan Nusantara X Ajong Gayasan, located at 76 m a.s.l. at 8°12'50.6"S and 113°40'36.6"E. The study used 28 accessions originating from the districts of eastern Java and Madura Island (see Table 1 and Figure 1 ). Seeds were germinated in trays using sand as a medium. After 13 days, the seedlings had three leaves and were then planted in a cocopeat medium for 20 days. They were then transplanted into a polybag containing a medium prepared from a 1:2:1 mixture of compost, soil, and sand, which had a pH of 6.2. The experimental work was conducted from August 2018 to January 2019. The temperature during the experimental work was 26-34°C and the humidity was 55-67%. The experimental work used a randomized block design with 28 treatments (accessions) with four replicates, and three to five plants per replicate (plot), totaling 475 plants. The spacing was 1.0 m between rows and 0.7 m between plants. 
Evaluation of trait
A total of 57 morpho-agronomic traits were evaluated, consisting of 26 quantitative and 31 qualitative traits. Fifteen quantitative traits and all 31 qualitative traits were measured using the Illustrated Guidelines for the Description of husk tomato (Physalis ixocarpa Brot. ex Horm.) varieties (Peña-Lomelí et al. 2011) . Some quantitative traits were transformed to ordinal data, but in this experiment, the analysis was on quantitative variables. There were 11 additional quantitative traits in this study (some of those traits were used in some other Physalis study), which were not listed in Peña-Lomelí et al. (2011) . The mean length of internode (SML) measured as the mean of the first internode of the two main branches. Flowering time measured when 5% of the plant had at least one fully open flower. Total soluble solids and pH calculated from the mean of three measurements per sample made from the 'juice' of 40 fruits. Calyx and fruit length and width measured with digital vernier calipers using five fruits per plot. The number of fruit and productivity per plant estimated from 13 times of fruit harvest every three days. Fruit weight and volume measured for three samples with 15 fruit per sample for each plot. Fruit firmness measured as the total firmness of the skin and underlying flesh by a puncture test, using five samples per plot, measured twice for each sample at different random positions with a Rheo Tex machine type SD-700 Sun Scientific Co. Ltd. The puncture probe penetrated at 5.5 mm into the flesh.
Data analysis
Two methods of analysis were used. In the first method, we considered only quantitative traits, and in the second method, we analyzed qualitative and quantitative data simultaneously (joint analysis). An average value for each quantitative trait and accession was obtained for further analysis.
For each method, first, the collected data were analyzed using Principal Component Analysis (PCA) from a correlation matrix. The Principal Components (PCs) greater than one were selected. The loading factor of PCs is proportional to the correlation coefficient between the PC score and the variable (traits evaluated). Thus, the loading factor can be defined as the correlation coefficient. The data in PCA scaled to unit variance; consequently, the r-test for the correlation coefficient (Equation 1) can be applied to test factor loading in PCA. The t-statistic has a tdistribution with (n-2) degrees of freedom (Yamamoto et al. 2014) . Variables that had a significant contribution to those selected PCs based on the r-test were then used to form clusters.
…. (Equation 1).
Where, t is the t statistic, r is the correlation coefficient, and n is the number of variables.
Clustering carried out by the Unweighted Pair Group Method using Arithmetic Averages (UPGMA) used the variables that accounted for a relatively high proportion of the total variability. A dendrogram, including all the accessions, was created using the Manhattan distance for the quantitative traits, and the Gower distance for the joint analysis. The quantitative variables in this research had different scales, so they were transformed before clustering. The transformation involved dividing each variable by its standard deviation. This transformation has been suggested by some authors as the previous step of calculating the distance in order to eliminate the effect of scale on classification results (Crossa and Franco 2004) .
In this research, the Manhattan distance was applied to the transformed data to run the cluster analysis and produce a dendrogram. The Manhattan distance was defined as the sum of the absolute values of the differences of the individuals j and k for each variable. It was similar to that in the Gower distance formula, but the Gower formula using the number of columns and the data range as denumerator. The Gower distance itself has been suggested for analyzing mixed data types of quantitative and qualitative (Gower 1971; Crossa and Franco 2004) .
After clustering, the optimal number of the groups was defined by nonparametric multivariate analysis of variance (Permanova). PCA, cluster analysis, and Permanova were calculated using PAST 3.25 (Hammer et al. 2001) . The correlation between the dissimilarity matrices described above was also examined. The correlations and their significances were tested by using the Mantel test with 1000 permutations, calculated using Genstat 18.2 software. This procedure allowed us to assess the resemblance between two matrices: quantitative and joint analysis dissimilarity matrices.
RESULTS AND DISCUSSION
Morpho-agronomic characterization
Five of the 31 qualitative traits could be used to differentiate the accessions and were included in the analysis. To describe the general behavior of the accessions for each variable, a descriptive analysis for the qualitative (Table 2 ) and quantitative variables (Table 3 ) was carried out. The results of the analysis of the qualitative traits (Table 2) showed that only six out of 28 (21.43%) accessions had anthocyanin coloration in their internode (SAC). Only two of those six accessions (PBL-PT and NGJ-KS) had medium intensity coloration, and the other four had weak coloration (KDR-NL, KDR-RM(02), JBG-MA, MJK-GS). Four accessions had no dentation of the margin of their leaves (SMN-PG(01), BLT-SK, PMK1, BWS-WS); the others had medium dentation. The fruit color at physiological maturity was white for three accessions (KDR-NL, BLT-SK, LMJ-PD) and green for the others. The intensity of calyx anthocyanin coloration varied. It was found that 13 out of 28 accessions had very weak anthocyanin coloration, nine accessions had weak coloration, and six accessions had medium anthocyanin coloration. Table 3 shows that the FSt mean was 19.398 mm, with a range of 17.25-22.425 mm, and the FNS range of 78-133. These ranges were not significantly different from the results of Nadhifah et al. (2016) , who found ranges of 8.5-24 mm for FSt and 129-207 for FNS for P. angulata originating from the former Surakarta province.
The quantitative morpho-agronomical characteristics showed considerable variability among the accessions, especially LW, LPL, FNS, FTSW, FNP, and PP, while FL, FD, FRLD, FDe, FpH, and those characteristics that measured the flower and calyx showed little phenotypic variation (the CV was less than 10%). PP and FNP, two characters related to productivity, had the highest variability (> 40%). This meant that the accession collection showed promise for a breeding process to improve productivity. Morales-Saavedra et al. (2019) observed that the CV ranged 0.9-3.8 %, 20.6-42.6%, and 3.2-20.1% for FD, FNP, and FW, respectively, in the study of P. angulata in Mexico, including wild, weedy and cultivated populations.
The FW in this study (1.768) had a higher mean than P. angulata in the study of Morales-Saavedra et al. (2019) (1.383). The FpH (4.75), and FTSS (10.44) had a higher mean than those found by Valdivia-Mares et al. (2016), which were 4.22 and 8.5 for FpH and FTSS, respectively. The fruit parameters, including FL, FW, and FV, had a lower variation and lower mean values than those reported by Herrera et al. (2012) for P. peruviana, while FF, FD, and FNP had greater variability. P. angulata is an annual plant while P. peruviana is a perennial plant that can produce a greater number of fruits. The FpH had a lower variation, but a higher mean and the total soluble solid was similar (approximately 10% Brix). The FW, FNS, and the two leaf characteristics (LL and LPL) had higher mean values and greater variation than those found for P. minima in the study by Usaizan et al. (2018) . Usaizan et al. (2018) found that the mean values of FW, FNS, LL, and LPL for P. minima were 1.2 g, 104.5, 8 cm, and 4 cm, and the values of CV were 4%, 4.8%, 2.5%, and 3.5%, respectively. However, CW had lower values for the mean and CV (1.8 cm and 7.1%, respectively, for P. minima). The FD and FL had lower mean values but higher variation. These differences could be due to differences between the two species and the influence of environmental effects on quantitative characters.
A two-sample t-test was conducted to investigate whether there was a significant difference between accessions originating from eastern Java and those from Madura Island. The t-test revealed that only two of the 26 variables were significantly different. Those two traits were SML and FF, with p-values of 0.035 and 0.018, respectively. The accessions from eastern Java had higher values of SML (overall mean = 6.5203) than those from Madura (overall mean = 5.7). The accessions from Madura had higher mean values for FF than those from eastern Java, 387.83 and 359.68, respectively. Morales-saavedra et al. (2019) found the FF of P. angulata from Mexico range from 1.1 to 2.4 kg cm -2 and mean 1.67 kg cm -2 . Herrera (2012) studied fruit firmness in the fruit of Physalis peruviana. The degree of fruit firmness has been used as an important aspect of fruit quality for tomatoes and as a critical handling parameter for peach, pear, apple, and kiwi fruits (Wang et al. 2009 ).
Quantitative traits
PCA is commonly used before cluster analysis to determine the relative importance of each variable. The PCA procedure builds new synthetic variables, principal components (PCs), which are the linear combination of the original variables. PCA from a correlation matrix is used when the variables measured have different scales (Jolliffe and Cadima 2016) .
PCA for the 26 quantitative traits based on the correlation matrix resulted in seven PCs with a value higher than one and accounted for 79.13% of the total variation (Table 4 ). These eigenvalues were in the range of 1.11-6.68, and the variation explained by those eigenvalues was in the range 4.28-25.69%. The two-way t-test for the loading factor at t(24;0.025) was 2.064. Variables were considered to be statistically significant when the t-value was larger than t(24;0.025). Based on equation 1, any loading factor greater than 0.38826 or less than-0.38826 was significant. Seven variables (SML, LL, LPL, FF, FDe, FSt, and FpH) were found to be significant and were included in the cluster analysis. The dendrogram from the cluster analysis for quantitative traits is shown in Figure 2 .A. According to the Permanova test, the optimal number of the groups required to represent the genetic variability was four. The F-values calculated by the Gower, Manhattan, and Euclidean dissimilarities were 6.361, 6.434, 6.15, successively (Figure 2b) , and their probabilities were 0.0001 (not shown). The highest F-values were found for three, six, and seven groups. The dendrogram showed that it was not possible to divide the accessions into five groups, and the Permanova test for five groups could not be conducted.
The number of accessions per group for the four groups ranged from 1 in group 1 to 20 in group 3, and the distance between groups was approximately 8.7 (Figure 2a ). The characteristics of each group were explained using a boxplot (Figure 3) . The dendrogram showed that group 1 was composed of PBL-PK and was characterized by having the highest mean length of fruit stalk (18.95 mm). Group 2 was composed of five accessions (MDN-TM, JBG-MA, LMG-KB, SMN-PG(01), MJK-GS), characterized by a low value of fruit density, high values for leaf length, petiole length, and mean length of internodes, and a high variation of fruit firmness and fruit pH. Group 3 was composed of 20 accessions characterized by low values for fruit firmness, leaf length, and petiole length, and a medium value for fruit density. There were two outliers for fruit density (SPG-DC with the smallest value, and PBL-PT with the highest value) and one outlier for fruit firmness (TGL-WL). Group 3 also had a high variation in the mean length of the internodes. Group 4 was composed of two accessions (SMN-PG(02), and PMK1). The main characteristics of this group were high values for fruit density and fruit firmness, a low value for the mean length of internodes, and moderate values for leaf length and petiole length.
Joint analysis of quantitative and qualitative traits
The joint analysis involved analyzing quantitative and qualitative traits simultaneously. The PCA based on correlation matrices of 26 quantitative and five qualitative traits showed ten PCs with values higher than one, which accounted the 84.20% of the total variation (Table 5 ). The eigenvalues of the first ten PCs were in the range 1.02-6.87, and the variations explained 3.29-22.17% of the total variation. The variable was considered to be significant if its t-value was higher than t(29;0.025) = 2.045, or if according to equation 1, it was meant that the loading factor greater than 0.355 or less than-0.355 was significant. From the first ten PCs, 12 variables were found to be significant and were included in cluster analysis. These variables were seven quantitative variables (LL, LPL, FF, FW, FV, FDe, FSt) and all five qualitative variables.
The PCA found seven quantitative traits that were significant and which were included in the cluster analysis. It revealed that five traits were important for both quantitative and joint analysis methods (LL, LPL, FF, FDe, FSt) . Four of the seven quantitative variables were different in the two methods. SML and FpH were only included in the first method, and FW and FV were only included in the second method. Interestingly, in the joint analysis, all qualitative variables were assigned as significant for building clusters. This method showed that qualitative traits were important in clustering because those traits were the genetic expression that relatively not too influenced by the environment. Cluster analysis in the second method used the Gower distance, which weights the variables based on their contributions and can be used for calculating the similarity/dissimilarity of mixed quantitative and qualitative variables (joint analysis). Using 12 variables accounted for a large correlation with the first ten PCs and gave the dendrogram shown in Figure 4a . The optimal number of groups was assessed by Permanova (Figure 4b) , based on Gower, Manhattan, and Euclidean similarity/dissimilarity indices. These three indices showed that the steepest decrease in the F-value was from four to five groups. This decrease was larger than from three to four groups. Crossa and Franco (2004) suggested the use of graphs for different numbers of groups and observed the point of maximum increase as a criterion for defining the optimal number of groups. In the present study, we used the criterion in the reverse direction (using the maximum decrease in joint analysis). With seven groups the Gower F value increased, but the other two indices decreased. It was concluded that the optimal number of groups for representing the genetic variability was four. The F-value for six groups could not be investigated because it was not possible to divide the accessions into six groups based on the dendrogram.
The number of accessions per group differed in the four groups. There were four accessions in group 1, 22 accessions in group 2, and only one accession each in groups 3 and 4. The distance between groups was approximately 0.34 (Figure 4a ). The main character of each group formed by joint analysis can be seen in the Boxplot (Figure 5) .
The dendrogram showed that group 1 was composed of PBL-PT, NGJ-KS, KDR-RM(02), MJK-GS accessions. Group 1 was characterized by having high values of fruit stalk length and fruit volume. This group was distinctive, and all four of its members had anthocyanin present in their internode. Only 6 out of 28 accessions (21.43%) had anthocyanin present in their internode-the two other accessions (KDR NL and JBG-MA) belonged to other groups and had a medium intensity of anthocyanin in their internodes, the only two accessions with such levels of anthocyanin.
Group 2 was composed of 22 accessions resulting in the highest variability of the four groups. The main characteristics of this group were 1) shorter fruit stalk lengths, smaller fruit volume, and lower fruit weight than accessions in group 1; 2) a medium level of fruit density. There was one outlier, each in fruit density (PBL-PK ) and fruit weight (SMN-PG(02)). Both of these outliers had the highest values for these variables.
Group 3 had only one accession (KDR-NL). This accession has a minimum value for petiole length, a relatively low value for fruit firmness, a high value for fruit density, and a medium value for fruit stalk length. KDR-NL was one of three accessions with white as the primary color of the fruit at physiological maturity. There was anthocyanin coloration in its internode but only at a low level. Other qualitative characters were a medium level of leaf margin dentation, and the absence of calyx anthocyanin coloration.
Group 4 also had only one accession (SMN-PG (01)). This accession was mainly characterized by the highest values of leaf length and fruit firmness, and the secondhighest fruit stalk length. SMN-PG(01) also had the third-lowest of fruit weight and fruit volume. Its qualitative characteristics were no anthocyanin coloration in the internode, weak dentation of leaf margin, green as the primary color of the fruit at physiological maturity, and medium intensity anthocyanin coloration of the calyx. In the present study, four groups were the optimum number for classification of the accessions, based on both quantitative and joint analyses. In a study of cassava, Oliveira et al. (2014) found that the number of groups in the joint analysis was less than the number for the quantitative trait analysis. This difference was possibly caused by there being a higher number of qualitative variables (35) than quantitative variables (13) in classifying the genotypes. It was known that there was less variation in the qualitative variables; therefore fewer groups were needed for classifying the genotypes in the joint analysis. In contrast, the present study had only five qualitative traits and 26 quantitative traits included in the joint analysis.
The dendrograms (Figure 2a and 4a) revealed that there were mixed accessions from eastern Java and Madura Island in one group, even if 15 groups at a Manhattan distance of 4.5 were used for quantitative analysis and 16 groups at a Gower distance of 0.15 were used for the joint analysis. Genetic distance matrices of the accessions ranged from 2.46 to 16.99. The lowest distance values were observed between JBR-TG and STB-KP (2.46), MGT-BR and KDR-NL (2.49), SMN-PG(02) and PMK-1 (2.54), TBN-KR and STB-KP (2.80), and TLG-PL(02) and SP-AS (2.93) (data not shown). Genetic distance matrices of the accessions ranged from 0.041 to 0.636. The lowest distance values were observed between TBN-KR and STB-KP (0.041), JBR-TG and STB-KP (0.046), TLG-PL(02) and JBR-TG (0.075), MDN-TM and LMG-KB (0.079), SPG-GD and STB-KP (0.082) (data not shown). In general, there was no significant difference between accessions from eastern Java and those from Madura Island, even though there is geographic isolation in the form of the strait. This conclusion was consistent with the results of the t-test on the average of eastern Java versus Madura Island, where only two of 26 quantitative traits had significant differences (fruit firmness and mean length of internodes). This similarity was probably caused by the migration by humans or because morphologically, they have the same type of ecology.
The different clustering patterns were obtained from the joint analysis and quantitative trait analysis. The accessions present in the different groups based on quantitative analysis could be clustered together based on joint analysis, or vice versa. The use of qualitative data in the joint analysis provided additional information and variation that influenced the measurement of dissimilarity among the accessions and affected the grouping. It seems that the parental selection for breeding programs was different when using the results of joint analysis rather than quantitative traits alone.
A Mantel test of 1000 permutations showed significant associations between the two distance matrices (0.5365), with a probability 0.0001. This relation may indicate that the configuration of the distance matrices, formed by using quantitative data and based on joint analysis, had a strong association.
The results presented in this paper are the first data on the morphology and agronomy characteristics of P. angulata accessions, especially those from the eastern Java and Madura Island. This study can be used as the basis for the characterization of groundcherry and the development of breeding programs and conservation strategies for groundcherry diversity. In terms of fruit quality characters (fruit volume and fruit weight), the PBL-PT, SMN-PG(02), and PMK 1 accessions were found to be very promising for the cultivation of fresh fruit. The morphological and agronomical traits are essential variables for P. angulata research, but the outcomes obtained from this study have been limited due to the very limited reference accessions in P. angulata breeding programs. The details record of phenology under cultivation, particularly the time when 50% of the plants present flowers and when 50% develop fruits as a precocity indicator is beneficial to conduct. A molecular-based study is required for a more reliable classification of P. angulata germplasms and to overcome these limitations.
To our knowledge, this is the first detailed study that compares the clustering result based on two methods: quantitative and quantitative-qualitative simultaneously; and contributes to the understanding of the characteristics of P. angulata germplasms in eastern Java and Madura Island. A nonparametric multivariate analysis of variance (Permanova) test showed that four clusters were optimum for both methods, but the clusters for each method had different members. The present study revealed considerable variation in the morpho-agronomic characteristics of groundcherry accessions. The highest variation was in the productivity per plant (45.5%) indicating that it is a promising focus for improving the productivity of groundcherry. The morpho-agronomic traits for eastern Java and Madura Island were not significantly different, except for fruit firmness and the mean length of two internodes. Based on the two methods, some groups composed of accessions from both eastern Java and Madura Island. In general, geographic isolation did not influence the characteristics of accessions.
